The paper considers the static pressure of the environment on the parallel pipe. The environment is elastic and homogeneous bodies. To determine the ambient pressure, the finite element method is used. An algorithm was developed and a computer program was compiled. Based on the compiled program, numerical results are obtained. The numerical results obtained for two to five parallel pipes are compared with known theoretical and experimental results.
Introduction
At present, and in the coming decades, ensuring the operational reliability of the linear part of multi-thread underground pipelines is and will continue to be a complex scientific and engineering problem. In the modern design, various software packages of automated design are widely used, allowing to carry out the engineering analysis of computer models without resorting to real experiments.
The most common and efficient calculation method is the finite element method (FEM). When determining the pressure of the soil on the pipes, it is necessary to take into account such factors as: the number of threads, the topography of the
Statement of the Problem by the Finite Element Method
The most common method for calculating complex structures is the finite element method (FEM). Its peculiarity consists in the fact that a design representing a continuous medium is replaced by its analog, composed both of cubes and of a finite number of element blocks, the behavior of each of which can be determined in advance. The interaction of the elements makes it possible to present an overall picture of the deformation of the system. In Figure 1 , the cylindrical bodies in the deformed space are depicted. The stiffness characteristics of each of these elements are determined in advance. The stress-strain state of such a complex structure can be determined with the help of FEM. The advantage of the method in its universality: the possibility of using elements of different types, the arbitrariness of the region under consideration, simple methods for constructing elements of high accuracy. In the variant of the method considered below, the method of displacements, when joining elements, the requirement of satisfying natural boundary conditions is not necessary. This most famous version of the FEM uses the formulation of the principle of possible displacements: In matrix form for a three-dimensional body, it can be represented as follows: 
The equilibrium conditions (1) do not depend on which material properties and are valid for both linear and nonlinear systems. For a linearly elastic body having initial deformations, the physical relationships take the form: 
where [ ] A is the matrix depending on the coordinates of the element, { } α is the vector of the coefficients of the polynomial expansion of the displacement functions. The number of coefficients corresponds to the number of degrees of freedom of the element, and the coefficients themselves are associated with nodal displacements. If we denote the vector of node nodal displacements through { } n u , then the displacement field is divided by the dependence:
We use the relations between deformations and displacements. Then we get:
The matrix [B] , which connects deformations with nodal displacements, is important in the further calculation ( Figure 1 ). The stress vector is defined by Equation (2), and taking into account (5) it will look like:
Let us consider separately the left and right sides of the equilibrium condition (1) . After substituting the deformation vector into the left side of the Equation (1), it will be expressed in terms of nodal displacements and some integral indicated 
∫∫∫ ∫∫∫
Here [ ] K is a matrix containing the basic information on the behavior of a small region of a deformed system. It is called the element stiffness matrix and is the main characteristic of the system in the FEM.
On the right-hand side of Equation (1), the integrals over the volume and over the surface can be represented as follows: 
For each element, the equilibrium conditions take the form:
Methodology for Calculating the Static Pressure of Soil on Pipes
As a computational model, by analogy with [7] [8], a weighty elastic medium ( Figure 1 ) is used that contains holes and other inclusions supported by circular cylinders and other inclusions (foundation, heterogeneity of the ground, etc.). For pipes according to [9] , we assume that the cylinder is welded to the medium (there is no slippage of the soil along the surface of the pipe). On the external contour of the medium, the boundary conditions have the following form [9] (Figure 1 ):
• on vertical boundaries, shear stresses and horizontal displacements are either zero or these boundaries are free; • on the lower horizontal boundary adjacent to the base of the embankment there are no vertical and horizontal movements;
• the upper surface is either free from external influences, or loaded with a surface load.
The dimensions of the chosen area for the calculation should be optimal, be- We distribute the proper weight of the soil of the embankment according to [13] [14] along the breaking points as follows: at each node of this triangular finite element, we apply a downward concentrated force equal in weight to the part of the soil bounded by this element divided by the number of nodes. The surface load is distributed along the nodes of the upper boundary in the form of concentrated forces. If it is necessary to obtain the influence matrices (Green's function), then it is necessary to calculate the unit concentrated force, applying it consistently at each node of the upper boundary. Modeling of materials of soil, pipes and other inclusions is carried out with the help of the corresponding values of elastic constants ( , Е ν ) and specific gravity. This makes it possible to take into account the conditions of supporting the pipes, the heterogeneity and verbosity of the soil of the embankment and the base, and the multitude of laying.
Parametric Analysis of Stress-Strain State of Reinforced Concrete Underground Round Tubes
Using the program MSK-1, the influence of the following factors on the pressure laid in several strings is 10% -30% less than the corresponding value for a single laid pipe, which is determined by [15] . In this case, the maximum soil pressure depends on location of the pipe. On an average pipe it is 15% -25% less than on an extreme one.
The fact that the outer tube is unloaded is less due to the fact that only one nearby middle pipe exerts a significant influence on its unloading, and the other is the outer tube, first, far from it (1.0D), and secondly, between the two outer tubes lies the middle tube, which is a kind of "screen", reducing the mutual unloading effect of the two outer tubes. Therefore, in particular, the maximum pressure of the soil on the edge pipe is practically independent of the number of threads (in Figure 4 , the value of max σ for pipes of two yarn stacking and the outer tubes of multi-threading is shown in one curve. two pipes are located on both sides of it, and not one, as in the case of an extreme tube).
From Figure 3 and Figure 4 it follows that for a number of threads greater than three, the value of max σ on the middle tubes is practically independent of the number of threads with the concept of a "period" of pipes and explained in [16] . In Figure 2 , it is clear that as the Poisson's ratio rises ( 0.1, , 0.4 ν =  ), the maximum ground pressure on the middle tube decreases, and with a decrease in the number of threads this decrease is stronger and amounts to, for example, 7% As can be seen from Figure 3 , as the coefficient ν increases, the difference in the values of max σ for pipelines with different number of threads decreases.
Thus, the maximum ground pressure on the pipes of multi-thread stacking is less than the single one. At the same time, the maximum ground pressure on the outer tubes is greater than the average pressure. The pressure of max σ on the edge pipe is practically independent of the number of threads. The maximum soil pressure decreases with increasing number of threads and with a number of threads greater than three, this decrease becomes insignificant.
Hence it follows that the difference between the maximum soil pressure on the outer and middle pipes of multiline stacking 3 n ≥ is practically independent of the number of threads and for densely laid pipes is 15% -20%. In addition, with an increase in the Poisson's ratio of soil, the value of max 
Stress State of the Soil around the Pipes
For a more complete analysis of the soil pressure on the pipes of multi-stranding, the diagrams of radial ( r σ ) and tangential ( s σ ) ground pressures are considered for various parameters of laying multi-thread pipes on a flat solid base. . This is due to the fact that on one side of the end pipe is located next to it a pipe that unloads It follows from Figure 13 , b (n = 5), the diagrams for the central and neighboring middle tubes practically coincide. The diagrams for the medium pipes for n = 4 ( Figure 13(a) ) and for n = 5 are also small from each other. Thus, when determining the pressure of the soil on the pipes of pipes of four-stranding, the concept of "pipe period" was also introduced there. It means a minimum number of pipes, in which the addition of another pipe from the edge practically has no effect on the stress-strain state of the soil around the central pipe.
Consequently, the value of the period for the sleeves is four. Analogously, the Table 1 .
From Table 1 it can be seen that the value of T decreases with increasing distance between the pipes. This is due to a decrease in the mutual influence of the pipes as the distance between them increases. In order to present the general picture of the distribution of the radial pressure of the embankment on the pipes, Figure 14 shows the lines of equal radial pressures for pipes laid in one, two and three threads respectively. Symmetrical arrangement of the line is typical for a single laid pipe (Figure 14) . In addition, the lines are also symmetric for central tubes for odd multicultural packing in the vicinity of 1.5D from the center of the pipe in both directions (for example, for n = 3, Figure 14 ).
For the outermost tubes, asymmetry and displacement of the vertices are observed b in the opposite direction from the adjacent pipes (Figure 12 ). In addition, σ r at n = 2 and n = 3 have less ordinates and are more flattened than for a single laid pipe (n = 1).
This flattening indicates a more uniform ground pressure on multi-threaded pipes compared to a single-laid σ r for double-laying pipes and the three-threaded outer tubes are almost identical. Figure 15 shows the diagrams of m for a single pipe and double-laying pipes with a distance in the light In the first row, Table 2 shows the results for long pipes laid over a bulk of constant height (flat deformation). In the second row, Table 2 Table 2 , the values in the first line differ from the corresponding values of the second row by an average of 30%. From this it follows that taking into account the variable length of the embankment height along the length of the pipe reduces the estimated ground Table 2 . Dependence of the coefficient K max on the number of threads and the angle of the longitudinal profile of the mound. pressure as compared with the calculation performed on the flat-deformed scheme.
Influence of the Type of Support of Pipes
This effect was obtained for the first time.
In this case, as follows from Table 1 this effect is slightly less pronounced for a single pipe (29%) and slightly stronger for two-thread (32%) and three-thread (30%) stacking pipes.
Influence of length of pipes. Table 3 shows the dependence of the coefficient K max for reinforced concrete pipes of two-strand packing from their length l ( 0 β =  ). From Table 3 it follows that with a decrease in pipe length the coefficient K max kills. In this case, when the length
Thus, the length
is that boundary of applicability of the plane theory of elasticity (plane deformation) for extended pipelines at a constant height of the embankment. In the work [20] the concept of the "core", which in our case is equal to 10.0D, is derived, and is the boundary between the "short" and "length" 
Conclusions
1) The maximum static pressure of the soil ( max σ ) per pipe is somewhat less than that of a single pipe, an average of 10% for the outer pipe and 20% for the middle pipe. In this case, the quantity c max σ increases with increasing parameter d, having a minimum at d = 0 (tubes stacked closely) and a maximum at d = 3.0, which coincides with the corresponding value for a single tube.
2) The pressure max This gives grounds for using FEM to calculate multicell pipes in the design practice.
6) The account of the variable along the length of the pipe of the height of the embankment reduces the design ground pressure as compared with the calculation performed on the flat-deformed scheme. This effect is more pronounced for multi-threaded pipes and weaker for a single pipe [22] .
7)
Allowance for the length of the pipes reduces the estimated ground pressure as compared with the calculation using a flat-deformed scheme, if their length is 10.0 l D ≤ [23] .
